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1
LAYERED COMPOSITES

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional
Application Ser. No. 60/413,214, filed Sep. 24, 2002, and
U.S. patent application Ser. No. 10/465,521, filed Jun. 19,
2003 the disclosure of each of which is hereby incorporated in
its entirety herein by reference.

BACKGROUND OF THE INVENTION

The present invention generally relates to composites and
more specifically relates to layered composites useful as
fence components, decking components, siding components,
paneling components, window blind slats, architectural
molding components, and the like, and methods for produc-
ing same.

Conventional industrial, commercial and residential archi-
tecture and interior design commonly involve the use of struc-
tural and nonstructural components in the assembly of useful
units. Components such as wall paneling, residential siding
and the like, are traditionally made from wood or metal.
Interior design components, for example, window coverings,
such as vertical or “Venetian” blinds, traditionally comprise
slats made of wood, metal or plastics.

Wood, lumber, trim, post, beam and assembled units com-
prising wood for example, solid wood components have obvi-
ous utility and are well adapted for many uses in residential or
commercial installations. Shaping wood components typi-
cally involves milling, which due to natural variances found
in wood, does not always produce consistent results in the
final product. In addition, components formed of solid wood
can deteriorate due to the effect of fungus, mildew, and insect
attack. Further, wood members also require substantial
upkeep comprising painting or staining. Metal, typically alu-
minum or steel, components are also often used in industrial,
commercial and residential construction but are relatively
costly, and can suffer from rust or corrosion problems.
Molded plastic components can be produced quite inexpen-
sively and with consistent results, but do not always provide
the desired appearance or required strength necessary for
many applications.

There still remains a need in the market today for inexpen-
sive, lightweight composites useful as components in archi-
tectural and design components that are consistent in form
and quality, durable, attractive, versatile and inexpensive to
manufacture using simple manufacturing techniques.

SUMMARY OF THE INVENTION

New composites, for example, useful as fence components,
decking components, siding components, paneling compo-
nents, window blind slats, architectural molding components,
and the like, as well as methods for producing same have been
discovered. The composites are easy to manufacture in a
variety of configurations with various cross-sectional shapes
using relatively inexpensive materials. In addition, the com-
posites are sturdy, lightweight and preferably have excellent
weatherability properties. The composites have many of the
desirable properties of natural wood products, with the con-
sistency of molded plastics. For example, the composites can
be made to have a wood-like look and texture. However,
unlike solid wood components, the composites of the present
invention preferably are highly resistant to effects of weath-
ering.
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In a broad aspect of the invention, a layered composite is
provided, which can be formed, for example, as an architec-
tural or design component.

The present composites, in general, comprise an outer
layer comprising a first polymeric material; an intermediate
layer, circumscribed by the outer layer and comprising a
second polymeric material; and an inner layer, circumscribed
by the intermediate layer and comprising a third polymeric
material. The inner layer, in combination with the intermedi-
ate layer, is effective to reinforce the composite relative to a
substantially identical composite without the inner layer. In
one embodiment, the inner layer defines a reinforcement ele-
ment, for example a substantially solid reinforcement ele-
ment.

In another useful embodiment, the inner layer comprises a
foam, for example, an inner foam containing the third poly-
meric material. In this embodiment, the intermediate layer
advantageously comprises an intermediate foam containing
the second polymeric material. The present composites
including one or more foam layers are advantageously light
weight, for example, relative to similar composites with one
or more solid layers in place of the one or more foam layers.
Importantly, such composites with one or more, and prefer-
ably two, foam layers have been found to have sufficient
strength and/or to be sufficiently reinforced to be suitable for
use in members for many applications, for example, applica-
tions as set forth elsewhere herein.

Advantageously, the present composites do not define a
hollow central region. Preferably, the composites of the
present invention are in the form of a member having a length
defined along a longitudinal axis of the member. The inner
layer, preferably extends along substantially the entire length,
of'the member. The intermediate layer preferably is substan-
tially completely circumscribed by the outer layer along sub-
stantially the entire length of the member and/or the inner
layer preferably is substantially completely circumscribed by
the intermediate layer. The member may have any suitable
axial cross-section, such as circular, square rectangular,
polygonal, oval, an irregularly shaped cross-section and the
like.

In one useful embodiment, the composite has a substan-
tially rectangular cross-section and forms, for example, an
elongated rectangular slat useful for many applications, such
as those mentioned elsewhere herein.

Each one of the first, second and third polymeric materials
of'the composite layers preferably comprises a thermoplastic
polymeric material. In some embodiments of the invention, at
least two or all three of the first, second and third polymeric
materials have different chemical compositions.

Preferably, the outer layer is made of a weatherable, ther-
moplastic polymeric material. The outer layer advanta-
geously is substantially solid and water resistant. As used
herein, the term “weatherable” refers to the ability or property
of a material to effectively withstand the conditions of an
out-of-doors environment for a long period of time, for
example, at least about five years and preferably at least about
seven years or longer. Specific examples of polymers which
can be used as the outer layer include, without limitation,
polyvinylchloride, acrylonitrile/styrene/acrylic polymeric
materials, and the like and mixtures or combinations thereof.

Preferably, the second polymeric material comprises a
solid thermoplastic polymeric material or a thermoplastic
polymeric material foam or combinations thereof. Advanta-
geously, an effective amount of a filler component is included
in the second polymeric material or the intermediate layer.

The intermediate layer may comprise a foam material, for
example, a foam material having a substantially closed cell



US 7,972,546 B1

3

structure. Suitable polymeric materials for the intermediate
layer include, without limitation, polyvinylchloride, acry-
lonitrile/styrene/acrylic polymeric materials, acrylonitrile/
butadiene/styrene polymeric materials, and the like and mix-
tures or combinations thereof.

The inner layer is circumscribed by the second layer and, in
combination with the second or intermediate layer, is effec-
tive to reinforce the composite. In one embodiment, the inner
layer defines a reinforcement member of the composite. The
inner layer comprises a thermoplastic polymeric material
which need not be weatherable. Preferably, if the inner layer
is a solid layer, the thermoplastic polymeric material is effec-
tively impact resistant and/or has a high stiffness modulus. In
one embodiment, the inner layer is preferably substantially
solid and generally includes no cells or hollow cavities. In
some embodiments of the invention, the reinforcement ele-
ment includes a cross-section having a shape that appears as
a collapsed annulus.

In a useful embodiment, the inner layer comprises a foam,
or foam material such as a foam comprising the third poly-
meric material. Such foam material may comprise a foam
material having a closed cell structure.

Examples of materials that are suitable as the third poly-
meric material include, without limitation, filled, e.g., wood-
filled, polymeric materials, such as polyvinylchloride and
acrylonitrile/butadiene/styrene polymeric materials and the
like thermoplastic polymeric materials, unfilled polymeric
materials, such as polyvinylchloride and acrylonitrile/butadi-
ene/styrene polymeric materials and the like thermoplastic
polymeric materials, and the like and mixtures or combina-
tions thereof.

The junction between the intermediate layer and the inner
layer occurs at an innerface between these two layers. This
innerface can be relatively or substantially uniform or regular,
for example, substantially smooth. Alternatively, the inner-
face can be substantially irregular or jagged or non-uniform.
It has been found that providing a relatively irregular config-
ured interface between the intermediate layer and the inner
layer effectively enhances the strength or reinforcement of
the composite, for example, relative to a substantially identi-
cal composite with a uniform or regular interface between the
intermediate layer and the inner layer. This effect is particu-
larly apparent and useful with both the intermediate layer and
the inner layer comprising foam materials.

Any suitable filler component may be present in any of the
layers of the present composites. Such filler component or
components preferably are effective to add bulk and/or
strength and/or reinforcement and/or stability to the layer
and/or composite. Examples of useful filler components
include, without limitation, wood, mica, talc, calcium car-
bonate, graphite or carbon, for example, in the form of par-
ticles, such as fibers, and the like and mixtures thereof. A filler
component is particularly advantageous in the intermediate
layer, while the inner layer and/or outer layer preferably and
substantially free of filler component. Preferably, the filler
component of the intermediate layer material comprises a
wood component such as, but not limited to, wood particles,
for example, wood shavings, wood chips, wood flour and the
like and mixtures thereof. This use of a wood component
advantageously provides an effective filler without unduly
increasing the weight or cost of the composite.

The present invention further comprises methods of manu-
facturing layered composites. Advantageously, the compos-
ites in accordance with the invention can be produced using a
single coextrusion process using a suitable feedblock, pipe-
head and forming or shaper die assembly. The methods, in
accordance with the present invention, for producing such
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composites comprise providing the desired materials, in an
extrudable state, for the outer layer, the intermediate layer and
the inner layer, and passing the materials, by means of or
through, three coextruders, into a feedblock assembly to pro-
duce a material form, for example and without limitation,
having a radially layered cross-section shape, for example, a
substantially solid circular axial cross-section. This material
form is introduced to or passed through a forming or shaper
die having a desired cross sectional shape and is reconfigured
thereby to produce or form a layered composite or reshaped
composite having a desired cross-section shape, for example,
a square, elongated rectangle or any other desired cross-
section shape.

Advantageously, the methods of the invention enable the
production of layered slat members having surprisingly nar-
row cross-sections. Composites can be formed, e.g. cut, into
different lengths and configurations to be useful as architec-
tural, structural or interior design components, for example,
window blind slats, siding components, such as residential
siding components, commercial siding components and the
like, molding components, paneling components, fencing
and/or decking components, such as rails, posts, etc., and the
like.

In another embodiment of the invention, a pipechead assem-
bly is connected between the feedblock assembly and the
shaper die. Thus, rather than a solid circular layered extrusion
being passed to the shaper die, the extrusion is first fed
through a pipehead assembly to form an annular layered
extrusion. This annular layered extrusion is then passed
through the shaper die wherein the extrusion is shaped. To
form the substantially solid inner layer, the annular layers are
collapsed and shaped to produce a composite having a sub-
stantially solid inner reinforcement member, for example,
having a cross-section defined by a collapsed annulus. In
some instances, depending on materials used and production
parameters, the collapsed inner layer becomes fused together,
such that the inner layer appears as a single solid layer
through the center of the member.

In another embodiment, an inner layer can be extruded or
formed at the same time the outer layer and intermediate layer
are extruded or formed. The composite thus formed does not
require the inner layer to be collapsed, as in the above-noted
embodiment to form and shape the final layered product.

One or more of the intermediate layers and/or the inner
layer can be foamed, as desired using suitable blowing agents,
for example, conventional blowing agents, and processing
techniques well known to those skilled in the art.

Any and all features described herein and combinations of
such features are included within the scope of the present
invention provided that the features of any such combination
are not mutually inconsistent.

These and other features, aspects and advantages of the
present invention will become apparent hereinafter, particu-
larly when considered in conjunction with the following
claims and detailed description in which like parts bear like
reference numerals.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1a-1e show various views of an embodiment of the
invention having a substantially rectangular cross-section.

FIG. 2a-2e show various views of another embodiment of
the invention having a substantially square cross-section.

FIG. 3a-3d show various views of an embodiment of the
invention useful as a component of a window covering blind.

FIG. 4a-4e show various views of an embodiment of the
invention useful as residential siding.
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FIG. 5 shows a cross-sectional view of apparatus suitable
for producing some of the composites of the invention.

FIGS. 6 and 6a show two views of an alternate embodiment
of the invention having a substantial rectangular cross-sec-
tion.

FIGS. 7 and 7a show two views of an alternate embodiment
of the invention having a substantially square configuration.

FIGS. 8 and 8a show two views of an alternate embodiment
of the present invention useful as residential siding.

DETAILED DESCRIPTION

Turning now to FIGS. 1a-le, 2a-2e, 3a-3d and 4a-de,
lightweight, durable, weatherable layered composites in
accordance with the present invention are shown generally at
10, 210, 310 and 410. The present composites are useful as
construction elements, for example, when assembled
together with other similar composite members in accordance
with the invention. For example, the present composites, such
as composite 310, may be useful as light-weight, durable slats
of vertical blinds or “Venetian” blind window covering. The
present composites, such as composite 410, may be useful as
strong, weatherable siding members for residential, commer-
cial and industrial applications. In addition, the present com-
posites, such as composites 10 and 310, may be useful as
architectural molding members or as decking components,
e.g., planks in complete decking systems. Further, the present
composites, such as composite 210 and composite 10, may be
useful as fence posts and/or fence rails in a complete fencing
system. The shapes/configurations of the composites 10, 210,
310, 410 are shown for illustrative purposes. Many other
shapes/configurations may be provided and are included in
the scope of the present invention. In addition, the size, for
example, the length, width and thickness or height of the
composites of the present invention can be independently
varied over wide ranges to comply with the requirements of
the application in which the composite is to be used.

Turning to FIGS. 1a, 15 and 1e, a side 15 of the composite
10 is shown in cross section.

The composite 10 generally comprises a weatherable outer
“skin” layer 12 comprising a first polymeric material, an
intermediate layer 14 circumscribed by the outer layer 12 and
comprising a second polymeric material, and an inner layer
16 circumscribed by the intermediate layer 14, and compris-
ing a third polymeric material. In composite 10, the inner
layer 16 defines a reinforcement element, for example, a
substantially solid reinforcement element. Preferably, at least
two of the first, second and third polymeric materials have
different chemical compositions as will be described in detail
hereinafter.

The composite 10 has a length along a longitudinal axis 17,
from side 15 to opposing side 19, and the inner layer 16
extends along substantially the entire length of the composite
10.

Except as expressly described herein, each of the compos-
ites 210, 310 and 410 is structured substantially similarly to
composite 10. Components of composites 210, 310 and 410
which correspond to components of composite 10 are identi-
fied by the same reference numeral increased by 200, 300 and
400, respectively.

The primary difference between composite 10 and com-
posites 210, 310 and 410 is that each of these composites has
a different shape or cross-section or cross-sectional shape.

The composites in accordance with the present invention
may have any suitable length and any suitable cross-sectional
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shape perpendicular to the longitudinal axis. For example,
FIGS. 1a-1e show composite 10 which has a substantially
rectangular cross section.

FIGS. 2a-2e show composite 210 having a substantially
square cross-section. FIG. 3a-3d show composite 310 having
an elongated substantially rectangular cross-section. FIGS.
4a-4e show composite 410 having a modified or stepped
substantially rectangular cross-section. The selected cross-
sectional shape will depend upon the desired application of
the composite. For example, the elongated or thin composite
310 is particularly useful as a slat of a window covering blind
or as a decking component, whereas composite 410 is par-
ticularly useful as a residential or commercial building siding
component.

Although not shown in detail, preferably the intermediate
layer 14,214,314, 414 is circumscribed by the outer layer 12,
212, 312, 412 along substantially the entire length of the
composite 10, 210, 310, 410, respectively. Also, the inner
layer 16, 216, 316, 416 is circumscribed by the intermediate
layer along substantially the entire length of the composite
10, 210, 310, 410, respectively.

As will be described hereinafter, composites 10, 210, 310,
410 preferably are formed using a single coextrusion process
by introducing each of the first, second and third polymeric
materials, in extrudable form, into a different extrusion path-
way of a single extruder/feedblock assembly. Advanta-
geously, the various layers of the composites 10, 210, 310,
410 are bonded together during the extrusion process, and
thus are held together without the aid of glues, adhesives,
bonding agents or the like. To this extent at least, the first,
second and third polymeric materials can be said to be com-
patible. Put another way, the first, second and third polymeric
materials preferably are selected to be effectively bonded
together without the need of glues, adhesives, bonding agents
and the like. During the extrusion process, the materials are
concurrently passed through a shaper die assembly to achieve
the desired cross-sectional configuration. The present com-
posites preferably are substantially free of adhesion aids, such
as glues, adhesives, bonding agents and the like, effective to
bond or hold the various layers of the composites together.

The outer layer of the present composite may be comprised
of any suitable polymeric material, such as one or more suit-
able thermoplastic polymeric materials.

Preferably, for example, for commercial and residential
siding and other outdoor applications, the outer layer of the
present composite, such as outer layers 12, 212, 312, 412 of
the composites 10, 210, 310, 410, respectively, is comprised
of a relatively thin layer of solid “weatherable” polymeric
material. Suitable weatherable materials for the outer layer
include, without limitation, weatherable thermoplastic poly-
meric materials, such as polyvinylchloride, acrylonitrile/sty-
rene/acrylic (“ASA”) polymeric materials and the like, and
mixtures, combinations or alloys thereof. The presently use-
ful ASA polymeric materials can be made using any suitable
methodology. See, for example, Hughes U.S. Pat. No. 5,883,
191;Yuetal U.S. Pat. No. 3,944,631, Aliberto et al. U.S. Pat.
No. 4,517,339; Ting U.S. Pat. No. 4,731,414; Ting U.S. Pat.
No. 4,831,079; and Moring a et al. U.S. Pat. No. 4,151,226.
The disclosure of each of these patents is hereby incorporated
in its entirety herein by reference. Such ASA polymeric mate-
rials may be physical blends or mixtures of styrene/acryloni-
trile copolymers and acrylic polymers and copolymers; acry-
lonitrile/styrene/acrylic terpolymers, interpolymers
including styrene-based units, acrylonitrile-based units and
acrylic-based units, and the like and mixtures and combina-
tions thereof.
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The intermediate layer of the present composite, such as
the intermediate layers 14, 214, 314, 414 of composites 10,
210, 310, 410, respectively, are comprised of the second
polymeric material and preferably an effective amount of a
filler component. Intermediate layers substantially free of
filler components may also be employed and are included
within the scope of the present invention. In one useful
embodiment, the intermediate layers 14, 214, 314, 414 of the
composites 10, 210, 310, 410, respectively, may include a
wood component, for example, in the form of wood particles
22,222,322, 422, in an effective amount as a filler compo-
nent. Such fillers may be, and preferably are, present in any of
the composite members of the present invention.

The intermediate layer of the present composite, such as
the intermediate layers 14, 214, 314, 414 of components 10,
210, 310, 410, respectively, may comprise any suitable sec-
ond polymeric material, such as a polymeric material selected
from, for example, without limitation, polyvinylchloride,
acrylonitrile/styrene acrylic (ASA) polymeric materials,
acrylonitrile/butadiene/styrene (“ABS”) polymeric materi-
als, and mixtures, combinations and alloys thereof. As noted
above, the intermediate layers of the present composites pref-
erably include a filler component, preferably a wood compo-
nent, in an amount effective as a filler in the intermediate layer
of the composite. Suitable ASA/filler component composi-
tions and methods for making such compositions are
described in Hughes, U.S. Pat. No. 6,133,349, the disclosure
of which is incorporated in its entirety herein by reference.

The intermediate layer of the present composites, such as
intermediate layers 14, 214, 314, 414 of composites 10, 210,
310, 410, respectively, may be solid or comprised of a poly-
meric foam material or a foamed polymeric material, for
example, which forms a cellular structure that bonds with the
outer layer and the inner layer of the present composites. The
intermediate layer preferably comprises a polymeric foam
material or a foamed polymeric material. The second poly-
meric material, preferably a polymeric foam material, is
present in the intermediate layer of the present composite in
an amount in the range of about 15% to about 90% or about
95% or about 99.5% of the total weight of the intermediate
layer. The filler component, if any, preferably is present in the
intermediate layer in an amount in the range of about 0.5% or
about 5% or about 10% to about 60% or about 70% or about
85% based on total weight of the intermediate layer.

Although the filler component of the intermediate layer
material preferably comprises wood, for example, without
limitation, wood particles, it is to be appreciated that other
fillers may be included as alternatives or in addition to the
wood component. For example, the filler component may
comprise carbon fibers, organic materials or other known
filler materials. Wood is a preferred filler component because
it is lightweight, strong, readily obtainable, and relatively
inexpensive.

The outer, intermediate and inner layers of the present
composites may contain effective amounts of one or more
additional agents, such as pigments, processing aides, lubri-
cants, antioxidants and stabilizers, for example, ultraviolet
light and thermal stabilizers, and the like.

Although the wood component may be present in any
suitable form, it is preferred that the wood be present as wood
particles, such as wood chips, wood flakes, sawdust, wood
flour, and the like and mixtures thereof. More preferably, such
particles have a size in the range of about 40 to about 200 U.S.
mesh, still more preferably, about 50 to about 150 U.S. mesh.

Very useful results are obtained with the wood component
being selected from pine wood, woods softer then pine wood,
such as fir wood and the like, and mixtures thereof. The wood
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component may also include a wood which is harder than pine
wood, such as oak wood, walnut wood, hickory wood, maple
wood and the like and mixtures thereof. One very useful
combination is a wood component which includes a first
wood at least as soft as pine wood and a second wood harder
than pine wood. In this embodiment, the first wood preferably
is present as a major amount, that is at least 50% of the total
wood present, while the relatively hard wood is present in a
minor amount, that is less than 50% of the total wood present.
The wood component may, and preferably does, act to rein-
force the present compositions.

In one very useful embodiment, the first polymeric mate-
rial included in the outer layer and/or the second polymeric
material included in the intermediate layer is produced using
straightforward physical mixing or blending methods, and
without one or more complex polymerization steps being
required. This is particularly useful when the first polymeric
material and/or the second polymeric material is or includes
an ASA polymeric material. Control of the make-up and
physical properties of such physically blended ASA poly-
meric material is more easily achieved than with composi-
tions involving one or more polymerizations. Suitable physi-
cal blending methods are described in Hughes U.S. Pat. No.
5,883,191.

In one embodiment of the present invention, the interme-
diate layer 14, 214, 314, 414 of composite 10, 210, 310, 410,
respectively, comprises a composition of a substantially uni-
form blend of an uncrossed-linked acrylonitrile/styrene
copolymer, for example, a linear uncross-linked acrylonitrile/
styrene copolymer, an acrylate copolymer, such as a cross-
linked alkyl acrylate/graft (meth)acrylate copolymer, and
filler, for example, wood particles.

In a particularly useful embodiment of the present inven-
tion, the wood-filled compositions forming the intermediate
layer 14, 214, 314, 414 of composite 10, 210, 310, 410,
respectively, include an increased amount of lubricant rela-
tive to the amount of lubricant included in a similar compo-
sition without the filler, e.g., wood. Such increased amount of
lubricant is effective in facilitating forming a substantially
uniform physical blend of the components of the composi-
tion, particularly, since the filler, e.g., wood, being employed
is often relatively dry and/or relatively incompatible with the
copolymer components of the compositions. The amount of
lubricant used preferably increases as the amount of filler
particles increases. The amount of lubricant used may vary
widely depending on the specific lubricant employed. The
amount of lubricant employed may be in a range of about
0.1% or about 0.5% to about 2% or about 5%, by weight of the
total composition.

Methods for forming a wood-filled composition useful in
the present composites, comprise providing an uncross-
linked acrylonitrile/styrene copolymer; providing a cross-
linked alkyl acrylate/graft (meth)acrylate copolymer; provid-
ing filler component particles and forming a substantially
uniform physical blend of these two copolymers and the filler
particles. This physical blend preferably is substantially free
of cross-linked acrylonitrile/styrene copolymer.

The substantially uniform blend formed preferably
includes at least about 30% by weight, based on the total
weight of the copolymers present, of the uncross-linked acry-
lonitrile/styrene copolymer and at least about 5% by weight,
based on the total weight of the copolymers present, of the
cross-linked alkyl acrylate/graft (meth)acrylate copolymer
and an amount of filler component particles effective as a
filler in the final composition. More preferably, the uncross-
linked acrylonitrile/styrene copolymer is present in an
amount in a range of about 30% to about 95% by weight based
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on the total weight of the copolymer and the cross-linked
alkyl acrylate/graft (meth)acrylate copolymer is present in an
amount in a range of about 5% to about 70% by weight based
on the total weight of the copolymers. It is preferred that,
during the forming step, substantially no polymerization
occurs. It is also preferred that, after polymerization, the
intermediate layer comprises a lightweight closed-celled
structure.

The inner layer 16, 216, 316, 416 of composite 10, 210,
310, 410, respectively, which forms the generally centrally
located reinforcement element 20, 220, 320, 420, can be
made of any suitable polymeric material, for example, ther-
moplastic polymeric material. Preferably inner layer 16, 216,
316, 416 is a solid thermoplastic material which, like inter-
mediate layer 14, 214, 314, 414, does not need to be weath-
erable. Preferably, the third polymeric material included in
the inner layer 16, 216, 316, 416 is effectively impact resis-
tant, that is has a high impact resistance, and/or has a high
modulus of rigidity, for providing reinforced and/or enhanced
strength/rigidity to the composite member 10, 210, 310, 410
during packaging, assembly and/or use. The reinforcement
and enhanced strength/rigidity of the present composite
members are relative to substantially identical composite
members without the inner layers or reinforcement elements.

Examples of polymeric materials that are useful for inclu-
sion in the inner layer 16, 216, 316, 416 include, without
limitation, polyvinylchloride, acrylonitrile/butadiene/styrene
polymeric materials, and the like and mixtures, alloys or
combinations thereof. The inner layer materials may include
a filler component, for example, as described elsewhere
herein, to provide increased reinforcement and/or an
increased or high modulus of rigidity to the composite mem-
ber 10, 210, 310, 410, relative to an identical composite
without an inner layer including a filler component.

Referring now to FIG. 5, the composite 10, 210, 310, 410
(composite not shown in FIG. 5) can be produced using
coextrusion techniques. Useful coextrusion assemblies for
producing a layered, extruded composite having a radially
stratified annular form are disclosed in Rosenbaum U.S. Pat.
Nos. 4,125,585 and 4,208,175, the disclosure of both of
which are incorporated herein in their entireties by reference.

For example, as shown schematically in FIG. 5, a single
extruder/feedblock/pipehead assembly 40, comprising a
coextrusion feedblock 42 adapted to be fed by three extruders
46a, 465, 46¢ is shown. Each extruder 46a, 465, 46¢ defines
a separate extruder pathway 47a, 47b, and 47 ¢, respectively.
Each of the compositions (i.e. the first polymeric material,
second polymeric material and third polymeric material) is
introduced into a different one of the extruder pathways 47a,
47b, and 47¢ and extruded to yield a radially layered, sub-
stantially circular cylindrical form. This form is then passed
directly to a shaper assembly and reshaped to a desired axial
cross section and cut to a desired length.

In some embodiments, the annular form is collapsed about
a central hollow thereof, yielding a substantially solid, e.g.,
no central open or hollow space, layered form having an inner
layer with a cross-section defined by a collapsed annulus.
This shaping and collapsing of the initially cylindrical form
occurs, for example, while the form passes through the shaper
assembly. Although defining a collapsed annular form within
the shaper assembly, the inner layer often fuses or adheres
together to form a substantially solid one-layered structure
without the appearance of a collapsed annulus.

Alternatively, each of the first, second and third polymeric
materials, in extrudable form, is passed from the extruder
directly to the shaper assembly without being passed through
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apipehead die. In this manner, the extrusion does not assume
a layered annular form prior to being shaped.

More specifically, in accordance with one embodiment of
the invention, the wood-filled intermediate layer material,
preferably along with a conventional polymeric material
blowing agent, such as sodium bicarbonate, azodicarbon-
amide and the like, is fed into inlet 564 of first extruder 46a.
The outer layer material and the inner layer material are fed
into coextruder inlets 565 and 56c¢, respectively. The coextru-
sion feedblock 42 is operable to produce a circular cylindrical
form of inner layer material, intermediate layer material and
outer layer material at zone 58. This cylindrical form is fed
directly into an inlet 60 of a pipehead forming die 62, con-
nected to the feedblock 42, as shown in FIG. 5. The assembly
40 produces an annular, or pipe-shaped form of the outer,
intermediate and inner layer materials at zone 64 which is
substantially free of radial and circumferential maldistribu-
tions.

The cylindrical form is then passed through another form-
ing die, or shaping die 70 connected to the pipehead die 62,
which shapes the form to produce a composite of indefinite
length having the desired axial cross-sectional shape, as dis-
cussed elsewhere herein.

While in the shaper die, the intermediate layer material,
comprising a blowing agent, is allowed to foam and expand
within the constrains of the shaper die. This causes the inner
layer material having an annular form at this point in the
extrusion process, to collapse, thus taking on the cross-sec-
tional shape generally, of a collapsed annulus. The inner layer
16, 216, 316, 416 of composite 10, 210, 310, 410, respec-
tively, in this embodiment has a cross-sectional shape of a
collapsed annulus.

In another embodiment of the invention, the composite 10,
210, 310, 410 is produced through a single co-extrusion pro-
cess without the use of the pipehead die 62 described else-
where herein. In other words, in this particular embodiment of
the invention, the shaping die 70 is directly connected to the
coextrusion feedblock 42. The cylindrical layered form
extruded from the feedblock is fed directly to the shaping die
70.

The shaped form extruded from the shaper die 70 is then
cut to a length suitable for the desired application. The cut
portion may be capped with any suitable capping material.
The composite may be produced to have wall or layer thick-
nesses suitable for the desired application. These thicknesses
can vary widely.

For a typical application, the composite member 10, 210,
310, 410 preferably has a composite wall thickness (radial
thickness) in a range of about 0.06 inches to about 1.7 inches,
for example, a thickness of about 0.1 inches to about 0.6
inches. The intermediate layer 14, 214, 314, 414 preferably
has a thickness (radical thickness) in a range of about 0.04
inches to about 0.9 inches, and the outer layer and the inner
layer each, independently, preferably has a thickness (radical
thickness) in a range of'about 0.01 inches to about 0.4 or about
0.7 inches.

Turning now to FIG. 3a-3d, composite 310 useful as a
window blind slat is shown. The composite 310 may com-
prise either two layers (not shown) or three layers, 312, 314
and 316. As a specific example of a window blind slat in
accordance with the invention, the thickness of the composite
310 is, for example, between about 0.10 inch to about 0.14
inch or about 0.2 inch and has a width between about 1 or
about 1.5 inches to about 2 or about 2.5 inches. The outer
layer 312 of composite 310 has a thickness of between about
0.005 inch to about 0.015 inch and the inner layer 316 has a
thickness of between about 0.020 inch to about 0.040 inch.
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The two layer embodiment (not shown) is without a weath-
erable capping or outer layer and generally comprises an
inner layer or reinforcement element (similar to inner layer
16, 216, 316, 416 of composite 10, 210, 310, 410, respec-
tively) and a foam layer (similar to intermediate layer 14, 214,
314, and 414 of composite 10, 210, 310, 410, respectively)
circumscribing the inner layer reinforcement element. In this
embodiment, the outer foam layer may comprise polystyrene,
ABS, ASA, polyvinylchloride, and the like, and preferably is
without a filler component, for example, a wood filler.

The window blind slat, such as composite 310, preferably
is produced by coextrusion techniques without use of a pipe-
head, such that the inner reinforcement element 316 is a
single layer, as described elsewhere herein.

Atri-layer composite 410 in accordance with the invention,
useful as a siding component, is shown in FIGS. 4a-4e. For
purposes of example only, the siding member is about 0.2 or
about 0.3 to about 0.35 or about 0.4, for example, about 0.335,
inch thick and includes an outer layer 412 of between about
0.02 or about 0.025 to about 0.035 or about 0.04 inch thick, an
intermediate foam layer 414 of between about 0.2 or about
0.260 to about 0.280 or about 0.35 inch thick, and an inner
layer 416 of between about 0.02 or about 0.03 to about 0.04 or
about 0.05 inch thick.

As shown most clearly in FIGS. 4q, 4b and 4c, the com-
posite member 410 has a modified rectangular cross-section,
witha dip D, for example, of between about 0.04 to about 0.05
inch, such as about 0.045 inch.

A process for manufacturing a layered composite is also
provided by the present invention. The process generally
comprises the steps of providing the materials described here-
inabove, in flowable or extrudable form, and forming a cylin-
drical flow of the materials, reshaping the cylindrical flow
into a desired cross sectional shape to achieve a composite
having substantially uniform layers including a substantially
solid reinforcement element, and cutting the reshaped flow
into a desired length.

For example, the forming step includes introducing the
materials, which will make up the outer layer and inner layer,
and the wood-filled material which will make up the interme-
diate layer, into an extruder assembly while the materials are
in an extrudable form. For example, the materials may be
subjected to elevated temperatures and/or pressures prior to
being introduced into the extruder assembly.

The wood-filled thermoplastic polymeric material to be
included in the intermediate layer is provided in an extrudable
form by subjecting a mixture of, for example, acrylonitrile/
styrene/acrylic polymeric material and wood particles, to
conditions effective to produce a substantially uniform, flow-
able or extrudable composition. Such conditions are
described in detail in Hughes U.S. Pat. No. 6,133,349, and
can generally include for example, elevated temperature con-
ditions, elevated pressure conditions, shear or mixing condi-
tions and combinations thereof. The substantially uniform
composition is then introduced in a coextrusion assembly
such as described elsewhere herein, along with the outer layer
and inner layer materials, and formed by suitable connecting
shapers or dies, into useful shapes and configurations.

It is preferable that, during the forming step, substantially
no polymerization occurs.

The composite can be subjected to any post-processing
steps, such as texturing, painting and the like as may be
desirable. Advantageously, the layered composites in accor-
dance with the present invention do not require any mechani-
cal means to secure the layers together. The coextrusion pro-
cess described hereinabove causes the layers to bond together
without the aid of adhesives, glue, bonding agents or the like.
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Turning now to FIGS. 6 and 64, an alternate embodiment of
the present composites, shown generally as composite 610,
includes an outer weatherable layer 612, an intermediate
foam layer 614 and an inner foam layer 616.

The weatherable outer layer 612 is substantially similar to
the weatherable outer or Askin@ layer 12, 212, 312, 412 of
composites 10,210, 310, 410, respectively, as described else-
where herein. In addition, the intermediate foam layer 614 is
substantially similar in chemical composition to the poly-
meric foam material in the intermediate layer 14, 214, 314,
414 of composites 10, 210, 310, 410, respectively, as
described elsewhere herein. Intermediate foam layer 614
preferably includes a filler component, for example, a wood
component, in the proportions as outlined elsewhere herein.

The inner foam layer 616 of composite 610 is a foamed
polymeric layer which, together with the intermediate foam
layer 614, is effective to reinforce or strengthen the composite
610 relative to an identical composite without the inner foam
layer 616. A third polymeric material, such as previously
described with regard to inner layers 16, 216, 316, 416 of
composites 10, 210, 310, 410, respectively, may be included
in inner foam layer 616. The inner layer 616 may include an
effective amount of a filler component, for example, a wood
component, to provide an increased modulus of rigidity to the
composite 610. The inner layer 616 may be formed by pro-
viding the third polymeric material included in the inner layer
with an effective amount of a blowing agent, for example, a
conventional blowing agent such as sodium bicarbonate,
azodicarbonamide and the like.

This third polymeric material, together with the first poly-
meric material and the second polymeric material, is provided
to a coextrusion process, similar to that described elsewhere
herein, to produce the composite 610. Because the inner layer
616 includes a foamed polymeric material, the coextrusion
system used does not include a pipehead. Both intermediate
foam layer 614 and inner foam layer 616 are allowed to form
by foaming and expanding in a shaper die, within the con-
straints of the shaper die. It should be noted that inner layer
616 may be foamed and not include a filler component.

FIG. 7a shows a similar alternate embodiment of a com-
posite, shown generally as 710, having an outer layer 712 in
intermediate foam layer 714 and an inner foam layer 716. The
cross section of the composite 710 is generally in the form of
a square. This is in contrast to the composite 610, shown in
FIG. 6, which 610 has a generally elongated rectangular cross
section.

FIG. 8 shows a further similar alternate embodiment of a
composite, shown generally at 810, in the form of a residen-
tial siding component, for example, for applications similar to
that described with regards to the composite 410 of FIGS. 4a,
4b, 4c¢, 4d and 4e. With regard to composite 810, outer layer
812, intermediate foam layer 814 and inner foam layer 816
are included.

Intermediate foam layers 714 and 814 are similar in com-
position and function to intermediate foam layer 614. Inner
foam layers 716 and 816 are similar in composition and
function to inner foam layer 616. Composites 710 and 810
can be made substantially similarly to how composite 610 is
made.

One very useful feature of the alternate embodiments
shown in FIGS. 6, 7 and 8 has to do with the relatively uneven
or irregular interface 630, 730, 830 of composites 610, 710,
810, respectively. The layering of the composites 610, 710,
810, as well as the layering of the other composites described
elsewhere herein, is effective to provide for reinforcement or
added strength to the composites. In addition, the relatively
irregular configuration of the interface 630, 730, 830 between
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the intermediate foam layer 614, 714, 814 and the inner foam
layer 616, 716, 816, respectively, provides additional rein-
forcement or strength to the composites 610, 710, 810.

Thus, it has been found that the composites 610, 710, 810,
including two foam layers, are not only relatively light weight
compared to the composites 10, 210, 310, 410 described
herein which include a solid inner layer, but also have a
sufficient amount of strength so as to be effective in many, if
not all, of the applications described elsewhere herein. Thus,
the present composites 610, 710, 810 including two foam
layers have an important combination of advantages in being
both lightweight and sufficiently strong so as to the satisfy the
needs of various applications for the use of such composites.

While this invention has been described with respect to
various specific examples and embodiments, it is to be under-
stood that the invention is not limited thereto and that it can be
variously practiced within the scope of the following claims.

What is claimed is:

1. A method for producing a composite comprising a con-
struction element having a length, a substantially non-hollow
cross section perpendicular to the length, an outer weather-
able layer, an intermediate layer and an inner layer, the
method comprising the steps of:

providing, in extrudable form, (1) a first composition com-

prising a first weatherable polymeric material, (2) a sec-
ond composition comprising a second polymeric mate-
rial, and (3) a third composition comprising a third
polymeric material,

introducing each of the compositions into a different extru-

sion pathway of a single extruder/feedblock/pipehead
assembly adapted to be fed by three co-extruders,
wherein the extrusion pathways of the first, second and
third polymeric materials are arranged such that, in cross
section, the third polymeric material is circumscribed by
the second polymeric material, and the second poly-
meric material is circumscribed by the first polymeric
material;

extruding the compositions to produce an annular form,

wherein the extruder/feedblock/pipehead assembly is
arranged to produce said annular form through a conver-
gent flow pathway;

20

25

30

35

40

14

introducing the annular form into a forming/shaper die
having a desired cross sectional shape; to produce a
reshaped form wherein the annular form is collapsed
about a central hollow to form a substantially non-hol-
low, layered form, and

cutting the reshaped form into a desired length,
wherein the composite thus formed comprises a rigid con-
struction element having said length, a substantially non-
hollow cross-section perpendicular to the length, an outer
weatherable layer, an intermediate layer and an inner layer.

2. The method of claim 1 further comprising causing the
formation of an intermediate foam containing the second
polymeric material, and an inner foam containing the third
polymeric material.

3. The method of claim 1 wherein the first and second
polymeric materials are different.

4. The method of claim 1 wherein the second and third
polymeric materials are different.

5. The method of claim 1 wherein the first and third poly-
meric materials are different.

6. The method of claim 1 wherein each of the first, second
and third polymeric materials is different.

7. The method of claim 1 wherein the composite is
extruded in the shape of a board.

8. The method of claim 1 wherein the composite i
extruded in the shape of a slat.

9. The method of claim 8 wherein the composite i
extruded in the shape of a window covering slat.

10. The method of claim 8 wherein the composite i
extruded in the shape of a siding component.

11. The method of claim 1 wherein the composite i
extruded in the shape of a paneling component.

12. The method of claim 1 wherein the composite i
extruded in the shape of a fence component.

13. The method of claim 1 wherein the composite is struc-
tured to be useful as a component selected from the group
consisting of a window blind component, a siding compo-
nent, a molding component, a paneling component, a fencing
component, and a decking component.
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